Engineering nanoparticles (ENPs) are an integral part of consumer products. Released to the atmosphere or disposed to sewage, ENPs quickly penetrate to surface and ground water sources. An absence of a dedicated ENP-retaining water treatment strategy imposes a potential health threat on drinking water consumers. The threat is met by gearing up an upgrade of treatment systems towards membrane filtration that provides a better barrier to ENP penetration at higher energy costs. The current study compares the energy demand of granular and membrane filtrations, with the retention efficiency of inorganic and organic ENPs. Dedicated experiments with gold and silver nanoparticles, dyed viruses, proteins, polysaccharides, and plasmid DNA showed that the energy demand increases from slow to river bank to rapid sand filtration, and to membrane ultrafiltration (UF). The UF alone consumes on average two times more energy than the entire coagulation-flocculationsedimentation-sand filtration tray. The differences in retention efficiency however are much less provide between 90% and 99% (1 and 2 logs) ENP retention; 1 kWh/m 3 on average is needed to secure the retention of 99.9% (3 log) ENPs by UF.
INTRODUCTION
The term engineering nanoparticles, or ENPs, embraces all particles from 1 to 100 nm synthesized intentionally to gain a commercial advantage from unique properties at these dimensions. The properties may lie in engineering, chemical, biological, electronic, optical or other fields. Several examples of commercially available organic ENPs are DNA plasmids (Arkhangelsky et al. ) , biopolymers such as proteins and polysaccharides (Arkhangelsky et al. ) , and dyed viruses (Arkhangelsky & Gitis ) . Wellknown inorganic ENPs are carbon nanotubes, composite nanometric catalysts, metals and metal oxides. Several thousand commercial products including personal care products, food storage containers, antimicrobial paints, cleaning supplies, electronic devices, batteries and clothing use ENPs (Reijnders ) . Unlike natural nanoparticles, ENPs are often extremely reactive and harmful to various forms of life including microorganisms, animals and humans (Frenk et al. ) .
ENPs enter the environment through several routes. Pumps are the main energy-consuming device within a typical filtration operation. The power input of a pump P in the study is determined as the product of feed flow Q F (m 3 /h) and applied pressure Δp in bar (Schafer ):
The calculated power is displayed in kW of electricity per m 3 of treated effluent per 1 hour of membrane operation (kWh/m 3 ), and it takes into consideration a 40% η pump overall pump efficiency.
MATERIALS AND METHODS
The MS2 against ENPs that will continue to appear in drinking water.
RESULTS AND DISCUSSION

